INTRODUCTION
============

*Pseudomonas aeruginosa* is essentially a free-living bacterium that occasionally can be found in the intestinal tract, and is now considered a major cause of opportunistic hospital infections, responsible for 9--11% of all nosocomial infections yearly reported in the United States. It causes significant morbidity and mortality in immunocompromised subjects showing burns, cystic fibrosis, chronic bronchitis and cancer. It is also often found in wet environments (sinks, disinfectants, humidifiers, water baths and suction apparatuses of hospitals), freely multiplying and transferring to compromised patient ([@b5]).

Dental units are focal point of dental clinics. Hand pieces (high-speed drills), air/water syringes, ultrasonic scalers, and prophy-angles are connected to dental units by a network of small-bore plastic tubing carrying water and air to activate or cool instruments. Potable municipal water normally supplies these units, although sometimes independent distilled or sterile water reservoirs are employed. It has long been known that the water collected at the outflow of dental unit waterlines (DUWL) is densely populated, bacterial counts ranging from a few thousand to as high as 10^6^ colony forming units (cfu)/ml ([@b4],[@b7],[@b14]), which can reflect the colonization of waterlines by biofilms ([@b23],[@b31]).

The observation that potentially pathogenic microorganisms, like *P. aeruginosa,* may be present in water used to perform intraoral treatment, has led to some concern ([@b23]). *P. aeruginosa* has been proven to be responsible for infections in immunocompromised patients treated at units harboring these organisms ([@b14]) and Costerton *et al.* ([@b10]) have presented evidence that exposure to fragments of biofilm dispersed by aerosols may constitute a serious insult to the pulmonary system of human beings; *P. aeruginosa* has been found in 24% of the waterlines analyzed by Barbeau *et al.* ([@b4]).

It is difficult to treat infections caused by *P. aeruginosa* due to their resistance to many commonly used disinfectants and antibiotics, like first and second generation cephalosporins ([@b9],[@b28]). In general, only advanced generation beta-lactam antibiotics, aminoglycosides and fluoroquinolones have been shown to be useful in this regard ([@b5]).

Most studies on DUWL have been carried out in dental teaching hospitals; risks occurring during general dental practice (private dental clinics) have not been fully described, in special in relation to multidrug-resistant *P. aeruginosa* strains. The aim of the present study was to analyze the antimicrobial susceptibility of *P. aeruginosa* strains isolated from dental clinic environments and waterlines, as well to check the quality of the water employed in these units.

MATERIAL AND METHODS
====================

Sampling
--------

One hundred and sixty samples of water (from taps, ground tanks, bottles, high-speed drills and air/water syringes), and two hundred samples of the dental clinic environment (head lights, dental chairs, air/water syringes, high and low-speed drills) were colected from forty dental clinics of the city of Barretos, São Paulo, Brazil, during January to July, 2005. The dental clinics examined were chosen at random among major city areas and comprised 15 dental care aid centers, 8 municipal clinics of the public health system, and 17 private dental care clinics. The selected units were fed with tap water, ground tank water or bottled filtered water.

Water samples were taken from each chosen site, and 250 ml were placed in sterilized flasks; a solution of sodium thiosulfate to a final concentration of 10 ml/L was added to inactivate remaining disinfectants. Samples were placed in a box, kept at 4--8ºC and delivered to the laboratory within 3 h. Environmental samples were taken using swabs moistened with 3 ml of Brain Heart Infusion (BHI), and passed over the surface to be analyzed. After collection, tubes with the swabs were placed in a cooled box and stored in the laboratory.

Bacterial isolation and identification
--------------------------------------

The BHI tubes containing the swabs were incubated at 37ºC for 24h. The swabs were depleted on *Pseudomonas* Agar P (PAP) and *Pseudomonas* Agar F (PAF) plates and incubated at 37ºC for 24--48h.

All water samples were filtered through 0.55 μm (cellulose nitrate) analytical test filters (Fisher Scientific, Ireland), in order to collect the waterborne microorganisms. Membranes were removed from the funnel using sterile forceps and deposited on PAP or PAF plates and incubated at 37ºC for 24--48h. From each plate showing bacterial growth, three colonies presenting characteristics compatible with the *Pseudomonas* genus were randomly selected, stained by the Gram method, inoculated in Triple Sugar Iron (TSI) tubes and incubated at 37ºC for 24h. Isolates were submitted to identification by acetamide alkalinization, reduction from nitrate to nitrite and motility observation ([@b2]).

Counting of viable bacteria
---------------------------

Total viable bacteria counts (TVC) were performed on decimal dilutions of the water samples, and considered to be definitive measurements of the total microbial contamination of the water passing through the dental unit water systems (DUWS). Samples were filtered as described above, and the collected cellulose nitrate filters deposited on *Pseudomonas* Agar P and incubated at 37ºC for 24--48h. Level of detection was of 10 CFU ml^-1^. Counts obtained were compared with the American Dental Association standards for DUWS (*i.e* ≤ 200 CFU ml ^-1^) ([@b1]).

Test of antibiotic susceptibility
---------------------------------

Susceptibility to antibiotics was tested by the agar diffusion method ([@b6]), as recommended by the National Committee for Clinical Laboratory Standards- NCCLS ([@b17]). Only recognized antipseudomonal agents were evaluated, i.e., cephalosporins (ceftazidime), β-lactam-β-lactamase inhibitor combinations (ticarcilin/clavulanic acid, piperacillin/tazobactam), fluoroquinolones (ciprofloxacin), aztreonam and meropenem.

RESULTS AND DISCUSSION
======================

From the one hundred and sixty water samples and two hundred dental clinic environment samples, 76 (21.1%) *P. aeruginosa* strains were isolated: 5 (2.5%) from the environment and 71 (44.3%) from the water samples. Among the environment isolates, one came from a headlight, one from an air/water syringe, two from high-speed drills and one from a low-speed drill. Although data on microbial contamination of surfaces or instruments from dental clinics are scarce, available research results have shown their extensive contamination by hepatitis B surface antigen ([@b20]) and hepatitis C virus ([@b21]); additional results have shown a high degree of contamination of trolley surfaces with *Staphylococcus aureus* and β haemolytic *Streptococcus* ([@b16]).

Among water isolates, 12 came from tap water; 9 from ground tank, and 7 from bottle-fed water; these were jointly denominated the water reservoir; 21 isolates were from air/water syringes and 22 from high-speed drills. [Table 1](#tbl1){ref-type="table"} shows the numbers of viable bacteria in water samples, found to be above the limit of 200 cfu/ml established by the American Dental Association (ADA) ([@b1]). Over 50% of the water samples analyzed had bacterial numbers above this standard. These figures agree with those reported by Walker *et al.* ([@b30]), showing that water supplies of 51% of the dental units in seven European Union countries exceeded the current ADA-recommendations for permissible levels of bacterial contamination. [Table 1](#tbl1){ref-type="table"} also demonstrates that, from forty dental clinics of the city of Barretos, São Paulo, Brazil, in agreement with results reported by Souza-Gugelmin *et al.* ([@b29]) the number of *P. aeruginosa* cells in the water coming from dental equipment was lower than that coming from the water syringe and high-speed drill.

###### 

Total counts of bacteria (cfu/ml) in water samples from the 40 dental units of Barretos, São Paulo, Brazil, counted according to ADA recommendations, between January and July 2005.

  Site of collection   Number in samples   
  -------------------- ------------------- ----
  Tap water            25                  15
  Reservoir            17                  23
  Air/water syringe    12                  28
  High-speed drill     8                   32

Previous studies have shown extensive contamination of water in dental units, not only by water saprophytes, but also by some potentially pathogenic microorganisms like *P. aeruginosa* and *Legionella pneumophila* ([@b18],[@b32]). Biofilm formation along the walls of the fine bore waterlines seemed to be the primary factor responsible for such contamination ([@b26],[@b33]). The health hazard to patients of dental unit waterlines exposed to these high levels of bacteria remains a non-resolved issue ([@b11],[@b16]). While no apparent widespread nosocomial infections in dental patients have been directly attributed to the water used in dental treatment, concern does center on the exposure to potentially harmful microorganisms of immunocompromised patients or individuals receiving dental treatment while undergoing immunosuppressive chemotherapy ([@b15],[@b26]). Mills ([@b15]) reported two civil suits in which different plaintiffs claimed that their pathological conditions (bacterial endocarditis and a brain abscess, respectively) had resulted from exposure to contaminated water during dental treatment. Dental professionals are chronically exposed to pathogens in aerosols produced by high-speed handpieces and ultrasonic scalers ([@b5]). Costerton *et al.* ([@b10]) reported that biofilm fragments dispersed in aerosols can be inhaled or aspirated and that their lungs, colonized by these fragments, often showing no symptoms, but that stress may cause bacteria to proliferate, leading to acute infection.

Sheperd *et al.* ([@b27]) reported an unexpected finding by which approximately 80% of DUWLs tested harbored streptococci (*Streptococcus sanguis*, *S. mutans/sobrinus*. *S. intermedius*, *S. mitis*, *S. salivarius*), similar to those found in the dental plaque, mucosal tissues, tongue and saliva of the oral cavity. This observation indicates that contamination from patient-derived bacteria can occur at the functional end of water lines.

*Pseudomonas* spp are considered opportunistic pathogens, very commonly found in nature (soils, water, plants and animals), and water treatment systems, thus demonstrating their adaptation to environments with low nutrient concentration, and over a large temperature range, between 4 and 42ºC. Penna *et al.* ([@b19]) isolated 78 bacterial colonies showing a 32% prevalence of *P. aeruginosa* from samples of water directly taken from a public distribution water tank in the city of São Paulo, Brazil.

In the present study, *P. aeruginosa* was isolated from water samples collected at various sites ([Table 2](#tbl2){ref-type="table"}), that could be recovered from the oral cavity of approximately 4% of a population of healthy individuals ([@b8]). It could not be excluded that some of these bacteria were aspirated into the waterlines through a defective check valve, becoming able to colonize waterlines. The predominance of *P. aeruginosa* over other cultured bacterial species could be a consequence of their capacity to inhibit the growth of other bacteria in the waterlines ([@b4]).

###### 

Number of water samples contaminated with *Pseudomonas aeruginosa* among 40 dental units of Barretos, SP collected between January and July 2005.

  Site of collection   Number of contaminated samples   Total samples
  -------------------- -------------------------------- ---------------
  Tap water            12                               40
  Reservoir            16                               40
  Air/water syringe    21                               40
  High-speed drill     22                               40
  Total                71                               160

In order to check the existence of a relationship between the type of setting where the water samples were collected and *P. aeruginosa* cell counts, the distribution of the total counts of bacteria was examined ([Table 3](#tbl3){ref-type="table"}). Supply of tap water occurred in 73.4% of dental care aid centers and in 75.0% of the public health dental system. The DUWS water quality was in accordance with ADA recommendations (\< 200 CFU. ml^-1^), thus highlighting the good quality of the water distributed by the municipal water system. Nevertheless, the high percentage of cells counted in handpieces, also reported by Souza-Gugelmin *et al.* ([@b29]), should be a convincing indication of the large colonization of the DUWL units by opportunistic pathogens.

###### 

Total counts of bacteria in cfu. ml-1 of water samples from different type of setting of dental units of Barretos, S P, counted according to ADA recommendations, between January and July 2005.

  Site of collection   Type of setting                                                  
  -------------------- ----------------- ----------- ----------- ----------- ---------- ----------
  Tap water            8 (47.0)          9 (53.0)    11 (73.4)   4 (26.6)    6 (75.0)   2 (25.0)
  Reservoir            6 (35.3)          11 (64.7)   8 (53.4)    7 (46.6)    3 (37.5)   5 (62.5)
  Air/water syringe    5 (29.5)          12 (70.5)   5 (33.4)    10 (66.6)   2 (25.0)   6 (75.0)
  High-speed drill     3 (17.6)          14 (82.4)   4 (26.6)    11 (73.4)   1 (12.5)   7 (87.5)

Nosocomial infections caused by *Pseudomonas* are frequently life threatening and difficult to control ([@b22]). Their antimicrobial susceptibility is limited to only a few drugs, and the emergence of resistance during therapy against initially susceptible strains occurs at relatively high frequency ([@b9]). Due to the increasing use of broad-spectrum antibiotics, incidence of multidrug resistant *P. aeruginosa* strains is increasing, turning the clinical treatment of these infections an ever more challenging problem ([@b13]). [Fig. 1](#fig1){ref-type="fig"} shows the pattern of susceptibility of 76 *P. aeruginosa* isolates to six antimicrobial drugs commonly used for the treatment of infections caused by these bacteria. The frequency of resistance is higher than that reported by Eldere ([@b12]) for Belgian isolates, but similar to those reported by Jung *et al.* ([@b13]) in the USA, both gathered at hospital settings. A high level of resistance of isolates from the intensive care unit of a Brazilian hospital has also been reported by Severino and Magalhães ([@b25]). Yet, to the best of our knowledge, data on antimicrobial resistance among *P. aeruginosa* isolates from dental clinics in Brazil has been scarce.

![Antimicrobial susceptibility patterns in *Pseudomonas aeruginosa* isolated from dental units in Barretos, SP, between January and July 2005.](bjm-39-579-g001){#fig1}

Horizontal gene transfer among clinical isolates showing antibiotic resistance evoked by strong antibiotic selection pressure has resulted in a widespread distribution of multidrug-resistant strains (MDR). For *P. aeruginosa*, such resistance is primarily responsible for nosocomial infections in intensive care units ([@b3]); however, the possibility of its dissemination in a dental clinic by cross contamination involving patients and dental office teams exists, and is becoming a growing problem worldwide, posing serious therapeutic challenges.

*P. aeruginosa* isolates were considered multidrug resistant when they were resistant to at least three of the following drugs: imipenem/meropenem, ceftazidime, cyprofloxacin and tobramycin. Such resistance, relatively common among nosocomial isolates, is the highest in Latin America (8.0%), lower in Europe (5.0%) and even lower in North America and the Asian-Pacific regions (\< 2.0%) ([@b24]). [Table 4](#tbl4){ref-type="table"} shows the distribution of phenotypes resistant to three or more antimicrobial drugs of the *P. aeruginosa* isolates recovered in the present study. Using other authors criteria to characterize multidrug resistance in *P . aeruginosa*, only the twenty isolates resistant to all drugs tested were classified as multidrug resistant strains.

###### 

Patterns of drug resistance and phenotypes among multidrug-resistant Pseudomonas aeruginosa isolates from dental units.

  Patterns                                                        Phenotypes
  --------------------------------------------------------------- --------------------------------------------
  Resistant to 2 drugs ([@b8])[\*](#tf4-1){ref-type="table-fn"}   Cip-pit[\*\*](#tf4-2){ref-type="table-fn"}
                                                                  Cip-atm
                                                                  Cip-mpm
                                                                  Cip-tac
                                                                  Cip-caz
  Resistant to 3 drugs ([@b15])                                   Cip-pit-atm
                                                                  Pit-mpm-caz
                                                                  Mpm-atm-tac
  Resistant to 4 drugs ([@b12])                                   Cip-pit-atm-mpm
  Resistant to 5 drugs ([@b16])                                   Cip-pit-atm-mpm-tac
  Resistant to 6 drugs ([@b20])                                   Cip-pit-atm-mpm-tac-caz

number of isolates;

cip-ciprofloxacin; pit-piperacillin/tazobactam; atm-aztreonam; mpm-meropenem; tac- ticarcillin/clavulanic acid; caz-ceftazidime.

*P. aeruginosa* remains one of the most important and difficult to treat pathogens commonly found in DUWL. Therefore, practical methods for controlling microbial contamination are urgently needed.

RESUMO
======

Isolamento de cepas de *Pseudomonas aeruginosa* provenientes do meio ambiente e de equipos dentarios em clinicas dentarias em Barretos, São Paulo, Brasil; analises da susceptibilidade das cepas a drogas antimicrobianas
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Uma ampla variedade de patógenos oportunistas tem sido detectadas nos tubos de alimentação de água dos equipos odontológicos, particularmente no biofilme formado na superfície do tubo. Entre os patógenos oportunistas encontrados nos tubos de água, *Pseudomonas aeruginosa* é reconhecida como uma das principais causadoras de infecções nosocomiais. Foram coletadas 160 amostras de água e 200 amostras de fomites em quarenta clinicas odontológicas na cidade de Barretos, São Paulo, Brasil, durante o período de Janeiro a Julho de 2005. Setenta e seis cepas de *P. aeruginosa,* isoladas a partir dos fomites (5 cepas) e das amostras de água (71 cepas), foram analisadas quanto à susceptibilidade à seis drogas antimicrobianas freqüentemente utilizadas para o tratamento de infecções provocadas por *P. aeruginosa*. As principais suscetibilidades observadas foram para a ciprofloxacina, seguida pelo meropenem. A necessidade de um mecanismo efetivo para reduzir a contaminação bacteriana dentro dos tubos de alimentação de água dos equipos odontológicos foi enfatizada, e o risco da exposição ocupacional e infecção cruzada na prática odontológica, em especial quando causada por patógenos oportunistas como a *P. aeruginosa* foi realçado.
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